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Introduction

Smal Angle X-ray Scatlarng (SAXS| and adeciplion mansuramants ika e
Bunauer-Emmet-Teller method (BET| am compementary tools o study
such properies ol porcus malkeials o= void facion and memal sufacs anea.
With 5AXS, all inhamoganilies can ba debacked, whikk BET s sarailive o
opan pores onky.

Infonmaion on the =catiering conirast is nocessary for 1he guanbialive
analyam al the SAKS dala [1).

Gaasy Carsan |G 16 ofen utiized s a raleranss masnal in Small Anga X-
ray and Maulon Scatenng. Inour profect, 50 s also wmed o an akecinods
matarial for Eiecirechamical Double Layer Capactors (EDLC] [2,3].

G0 corsaine choed poress, which can b i by 1 | axadation [4]
Howsssar, during oxdation, tha GC undengosds siruciaml changes [S] that
afeot tha skaicton density and thus the smtering conimsl of GC.

For the chamcienzabon of GG electrodes for EDLC, we take this effect mic
anynk

Experimental

Thin GC aheat aamplas wana thanmally oaidized a1 25070 lof sarous limes i
prowicks samples ol different 1im thickness having opan pones. Thicknessas
warp determired (Fig. 1) with Scanning Electron Miomscopy {SEM). The
soaltarng sontrast (Fag. 2} ol cxidlized GO owag i > with X-ray
Dattrsction (XRD), The inkemal auface amn wns desamrsd using SAXS
(Parod-plot] and BET nitrogan adsorpdon isotharms [Fig. 3).

Particlar probilery Separatng the bul and lim confibufone

Salusan; Linaar spprosimation of thie seathersd intansiby lpgen of
the sampke {thickness 0 = 55 omij and of tha fim
fthickress d « 16 prn), becasa the absarpion | & small

Fig. 1: SEM micrograph of an cxideed GC =ample. The film [gray) on
Ihe kedl and riaht side proslapes. the bulk GO (blackl

Resulls

Dopanding on oxidaten tmao, the (032-poak of tho GG samplos =hilt to largor
difrnction anglee (Fig. 2, indicaling thal graphesss shesta in GG mon closar
Io etzh o, wihach con be asploirsd by the ecantly proposed failing cands
model for hard camans [6]. Thus the wray dansity gy , which s in principal

Iha ! LT wilh activalion lifie:

+ g of non acivaned GO 2.11 giom??

& g 0f 3 hre. oofwated GG 2.21 gromyd

* o ol graphile .26 glam? | Rederence value)

The increasa of gy s approdimaiely Inear with cesdadion tmes and causes an
mwresimalion ol inlemal suface area of aboul 10% aher 3 hours, ¥t B not
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Fig. 2: Shift of XA (002 h-pasks of GO samplas during sxbdali

For oudason tres betweoan 30 and 180 minutes (Fig. 3], the SAKS
surlzce area decreasas lnaar from 1B00 o 1170 meam?

Howaver, aftar comacion for the soaitenng contrast, the tnal walse aftar
3h cdation yields 1070 meome.

A5 a liminary and gual ks oa, the EBET werdaos ama s
dmplyyed in the plol o8 woll Soro o con areas as
charscterized by SAXS and BET are nof unespecied becass of
Aifferances in thie guaniiies charsctenzed n thase two ditermn maihods,

2000 ' . T T

r:\_ t e P, 0 bl
5 1m0 | i e
E
1000 | - ]

;
S 50| am e, ]
E d-n.l'dﬂ:.ﬁnlz-lﬂ-hl-ﬁ.*ﬂ‘

‘_I 1 1 1 i

L] 50 10 150 200 0 250

Oridation fime [min]
Fig. & Interral surface aren of GC o obisired rom SAXS and BET.

Conclusions

L yndar i i . oww bourd a chonge ol lhe z-ray
acafianing canrasl duing caidation ol around 1% Thus lor & very
acoumbe quanbtative analyms of SANE dala |pore wiluma, suriace araal,
{ha prociso dolerminadon of tha =calionng oonirast is mdiepensable.
Parlcubar altention musl Be poid when sniclurs] changes océur in the
sarnpha and albar The scafiasing conlrast,

Acknowledgment

Financlal suppori by the Board of the Swiss Fedaradl Insifues o
Techralagy, SAXE beamlims and lachnical sdvice from Or. H-G
Houbald, Or. G, Ghigh [Fomschungszeninm Jich and HASYLABR
Hamburg}), R. Enl?r and DOr. & Emmaring (Unkarsiat Wirzburg), BET
masurermen® by F. Geiger and help in sample prepaalon by E. Groth
|PEI ane graiedully ackroswiadged,

Retarances

TGN Coige. 00, Py iy "Snll il vy Sho g, decmirvns Prosd, Liovmion (134T

121 o W, K bl W, Miatmits. O Paosd DE 3011 30 27 {19851 Bt A2k

3] WG Baleas, 0 Eemoh, A5, 01 e, 0 SR e he T oy PR
Flesrnotanicnl Daacionr V-, Proesings. Vol @38, ppo s 1887

1] GN s, K i, P CATORd - St B i Sl o™ b
raEny Poesa (AT




